The purpose of this study was to report on a nationally representative survey of the experience of Canadian adults regarding food cravings and the impact of these cravings on behaviour and quality of life. A total of 1532 respondents (16% of members of an online panel emailed an invitation and link) completed a nationally distributed survey. Almost two-thirds of the sample reported experiencing cravings, with women being more likely to report cravings than men. Of those with cravings, 83.1% reported moderate or strong cravings. Cravings impacted eating behaviours and quality of life, especially for those with strong cravings. Cravings were associated with being bored, emotional or watching TV. Those who identified themselves as overweight or as trying to lose weight were more likely to have cravings. Of those reporting to be overweight and trying to lose weight few experienced distress because of lack of access to help and rates of interest in being guided by healthcare professionals were low, except in those with strong cravings. These results reinforce the notion that eating behaviour may differ from other behaviours in that there is a strong drive to eat that is difficult to control for many individuals.
| INTRODUCTION
Obesity management has benefitted from many research developments over the past 15 years. These developments include: better understanding of the cardiovascular risks associated with obesity (hazard ratios for incident cardiovascular disease, CVD, 1.21/1.32 [men/-women] for individuals with overweight; 1.67/1.85 for individuals with obesity and 3.14/2.53 for individuals with morbid obesity) 1 ; how excess adipose tissue impairs health via metabolic and inflammatory consequences resulting from the over secretion of peptides by enlarged fat cells, along with ectopic deposition of lipids (eg, in the liver) 2 ; as well as the reframing of obesity as a chronic medical disease 3, 4 (see, for instance, the definition of adiposity-based chronic disease). 5 Viewing obesity as a chronic medical condition facilitates a comprehensive, evidence-based approach to management by the medical community. A cornerstone of any obesity management intervention is the behaviour of the individual. All pathways to success involve action on the part of the individual. Healthy eating is a critical component of all behavioural interventions for obesity, weather solo or as part of a medical or surgical intervention. Recent research has demonstrated neurological substrates that drive both homeostatic and hedonic drives to eat. Hypothalamic neurons integrate internal and external nutritional information and mediate hindbrain and cortico-limbic systems. 6 Neurobehavioural evidence suggests that obese individuals may experience changes in the way the appetite system works to increase what is called incentive salience (wanting). 7-13 Incentive salience is experienced as cravings and help us to understand how powerful the motivation to eat is.
A behavioural consequence of these neurobiological findings is appreciating just how strong a reinforcer food becomes, both as a consequence (operant conditioning, as when an individual uses food as a reinforcer) as well as an unconditioned stimulus to establish nonconscious behavioural habits (classical conditioning, as in the phenomenon of cued eating 14 )
. The implication of these data is that eating behaviour may not be like other behaviours, in that action tendencies that guide us towards poor food choices are mediated by active neurological systems that are supported by powerful learning paradigms in environments with high accessibility to unhealthy food.
In this study, we were specifically interested in understanding more about food cravings in the general population. Given how powerful the hedonic drive to eat is, how prevalent is it and how does it impact the typical individual?
The literature on food cravings has focused on both neurological (referenced above) as well as psychological aspects. The experience of cravings has been shown to be common in numerous nonclinical samples, including individuals in the general community, [15] [16] [17] university students 18 and young women. 19 Gendall et al 19 describe cravings as normative, not pathological, with the implication that cravings will likely need to be addressed in obesity management and healthy eating interventions at a population level and not just with select individuals.
In this way, cravings may differ from more pathological eating, such as binge eating disorder, which has a low base rate and may be appropriately addressed by referring to specialty mental health providers.
Food cravings have been demonstrated to be associated with body mass index (BMI) and obesity, 15, 16 likely due to the tendency for cravings to be for calorie dense foods. [20] [21] [22] Further, dieting has been shown to increase cravings, 23 and those experiencing cravings appear to benefit less from weight management, either via diet 24, 25 or bariatric surgery. 26 If we hope to be successful in supporting sustained behaviour change in healthy eating as part of obesity management, it will be important to understand the nature of this behaviour change goal.
Given the evidence on the power of cravings to impact on food choices, obesity and weight management, it is appropriate to question whether the behaviour change goal of healthier eating is equivalent to other behavioural goals, such as medication taking or physical activity.
Are there factors at play that make sustained changes in eating behaviour particularly challenging? How important will it be to address the hedonic drive to eat when supporting persons living with obesity to make, and maintain, changes to their diet? Understanding what it means to take on an eating change goal will be important in regards to goal setting, action planning, problem solving and evaluation of the outcomes of behavioural interventions.
Most clinical approaches to obesity management are stepped approaches. Lifestyle interventions are generally considered first line interventions, followed by medication if lifestyle intervention is not successful, and followed by bariatric surgery when a combined lifestyle and medication intervention fails. Given recent evidence that both bariatric surgery and some types of medication reduce the drive to eat 27, 28 the prevalence and impact of cravings in the general population might support a reconsideration of this stepped model. For instance, those with powerful cravings that impact negatively on quality of life might be better treated with a combined lifestyle and medication intervention 29 as a first line intervention. In these individuals lifestyle interventions might be more successful if cravings are reduced with medication, and cravings may be a major limiting factor in the efficacy of behavioural interventions.
Given that obesity and overweight affect large segments of the population, an important question to ask is how common cravings are in the general population. To date, there are no published studies looking at representative population sampling on this issue. This study was designed to collect general information on the frequency, and impact of cravings in the general population in Canada. We also were interested in examining the relationship between cravings and selfperceived overweight/obesity. Given that reframing obesity as a medical condition offers new treatment paths for individuals, we were interested in understanding the attitude of those who consider themselves overweight and are trying to lose weight towards professional management options.
As an exploratory, survey-based study there were no hypotheses per se associated with the methodology. That being said, the following questions framed the methods and analyses of this study: WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Obesity management rests on behaviour change.
Healthy eating is considered a foundation for obesity management yet sustaining healthy eating changes over time appears to be very challenging.
• Recent research has identified neurobiological substrates of both homeostatic and hedonic eating systems.
Hedonic eating appears to be dominant in obesity.
• Behavioural correlates of hedonic eating are reflected in the power of food as a reinforcer (operant conditioning)
as well as a source of conditioned behaviour (classical conditioning).
WHAT THIS STUDY ADDS
• This survey assessed the prevalence, nature and impact of food cravings as experienced by the general Canadian population.
• The results of this study document the high prevalence of food cravings and the negative impact that cravings, especially strong cravings, have on behavioural and psychological factors. 
| Survey
Basic demographic data were anonymously collected on the following variables: gender, age, marital status, province/territory of residence, occupation, income level and first language.
Next, respondents were asked to make judgments about their weight, causes for excess weight and if they were trying to lose weight. Self-reported and self-defined weight status was reported as very overweight, overweight, somewhat overweight, healthy weight, somewhat underweight, underweight, very underweight (including "I don't know" and "I prefer not to answer"). For analysis, groups were categorized into overweight and healthy weight.
Respondents then completed questions regarding the experience of food cravings. Supplement 1 summarizes the survey items (Table S1 ). Respondents were asked, "Do you experience food crav- 
| Analyses
Data were reported as percentage responses to the various questions.
Comparison between groups was conducted using chi-square analyses.
3 | RESULTS
| Respondents
The survey for this study was grouped with several other questionnaires into a small packet that was distributed by Leger, via email, to 9587 panel members. Of these, 2113 (22%) completed some components of the package and a total of 1532 respondents completed the food cravings survey (response rate 16%). Demographic results are presented in Table 1 , along with Statistics Canada data on the general population. 31 Gender was well balanced in this sample and matched the general population. Respondents tended to be older rather than younger (P < 0.001), relative to the general population, although all age ranges were represented. The majority of respondents were married (P < 0.001) and the distribution of marital status closely resembled the Canadian population. Regional participation was reflective of the Canadian population, with Ontario and Quebec being the largest group of respondents (P < 0.001). The sample was well educated, relative to the general population, with 40.0% having completed University level education and very few respondents with less than high school (P < 0.001).
As well, the sample was wealthier than the general population, where VALLIS35.2% earned more than $80 000 per year (P < 0.001). The majority of the respondents had English as their first language (P < 0.001), consistent with the general Canadian population. Respondents reported on features associated with cravings and results are shown in Table 2 . Those who experience cravings differ Also reported in Table 2 negatively affect their quality of life and 51.7% agree that they would be happier if they did not have cravings. A substantial proportion of respondents feel guilty after experiencing cravings (44%) and 34.5% report that they would "do anything" to rid themselves of cravings.
Next, we examined the impact that strength of cravings had on quality of life. In Figure 2 , the percentage of respondents with cravings who agreed (somewhat or strongly) to each psychological feature is presented. There is a strong association between strength of craving and negative psychological impact. On all items, there was a stepwise impact whereby strong cravings were reported to have more impact than moderate cravings, which in turn had greater negative impact than low cravings (significant for all factors). (Table 3) .
Further, self-perceived overweight was significantly associated with strength of cravings ( (69.4% of those with strong cravings were trying to lose weight compared to 39.6% of those with low cravings, Table 3 ). Table 4 .
Those who consider themselves overweight and were trying to lose weight did not link their distress to medical management. Relatively few endorsed feelings of helplessness due to lack of access to medication (16.8%) or professional support (20.8%), or due to obesity not being treated like other chronic diseases (26.7%). That being said, those with strong cravings reported significantly more helplessness on all items (over 50%, all P's < 0.001). Attitudes to medical management in those reporting being overweight and trying to lose weight revealed that just over half of these samples endorsed being likely to follow a physicians recommendation (56.8%) and to prioritize the prescribed treatment over-the-counter treatment (56.0%). Again, strength of cravings was significantly related to likelihood of accepting medical management, with over three-quarters of the sample experiencing strong cravings being willing to follow doctor recommended approaches (Table 4) . Significant findings are bolded.
| DISCUSSION

VALLIS
reporting on a study from France, also found gender differences in the prevalence of cravings. In their study, women were more likely to In addition to self-assessment of weight status, we obtained a measure of whether or not respondents were trying to lose weight.
This allowed us to identify a substantial subsample of respondents who were both overweight (self-assessed) and trying to lose weight:
554. Those who were overweight and trying to lose weight were more likely to have cravings than those overweight respondents not trying to lose weight. Consistent with other findings, strength of cravings was associated with trying to lose weight (70% of those with cravings were trying relative to 40% with low cravings). These data support further examination of the role of cravings in overweight and obesity as well as in attempts to lose weight. An obvious hypothesis to be explored in future research will be the impact of modifying cravings on weight gain and the success of weight loss attempts.
Although this study was primarily focused on the prevalence and impact of food cravings, we included several measures of perceptions of the medical system in our survey. This allows us to examine those who consider themselves overweight and are trying to lose weight.
These will most likely be the individuals who either seek out help or will be referred for weight management. We were interested in understanding these individuals further. Several questions tapped into feelings of helplessness regarding access to medication and treatments, access to professional support and helplessness associated with obesity not being treated like other chronic conditions. In the cohort of individuals who consider themselves overweight and are trying to lose weight only a minority seemed to have feelings of helplessness. This is consistent with survey research that suggests people with obesity do not see a role for healthcare providers but feel that they alone are responsible for their condition. 33 Our results did show, however, increased helplessness in those with strong cravings. It may be that these individuals might be easier to engage in professional approaches to weight management. Our final two questions asked about how likely respondents who considered themselves overweight and were trying to lose weight were to follow a doctor's recommendation. Interestingly, the majority of respondents expressed that they were likely to follow recommenda- University students and reported strong associations between addiction scores and cravings. This group further demonstrated that food cravings were associated with reduced success at dieting. 24 Richard et al 22 conducted an interesting study in which they categorized subjects based on the Food Cravings Questionnaire and then over 7 days use ecological momentary assessment to assess snackrelated thoughts and consumption and craving intensity five times each day in a small sample (N = 61). Those with high cravings were found to be more prone to think about high calorie food and consumed more snack foods in response to craving compared to those with low cravings. In a study of weight loss achievement at 6 months post bariatric surgery (sleeve gastrectomy) it was shown that the emotional food craving scale of the Food Cravings Questionnaire predicted a failure to achieve at least 40% of excessive weight loss (odds ratio, 4.19).
26
The data from the present study are helpful in highlighting that eating behaviour may not be like other health behaviours in that cravings are powerful drivers of behaviour that seem to be biologically mediated, powerfully cued by the environment, and that impact on weight-related behaviours. Behaviour change strategies that address the power of cravings will be helpful. For instance, goal setting activities might need to be developed differently depending on the strength of cravings, either cravings overall or cravings for particular foods.
Further, interventions from the domains of the addictions as well as acceptance and commitment therapies might need to be integrated into lifestyle interventions for improving healthy eating. 36 This study benefits from a robust sampling methodology. However, the study is limited in that as an online study it may not be generalizable to those not internet savvy. Demographic analyses indicated that our sample was somewhat older, more educated and wealthier than the general Canadian population. This is a limitation that is likely due to the online nature of the survey. Also, in this study we did not use a validated cravings inventory, instead choosing to focus on more descriptive questions. Follow-up research should use established scales administered at a population level.
Finally, a limitation of this study is that weight status was selfreported, not measured. In order to obtain a large and distributed sample of Canadians it was not feasible to assess height and weight or waist circumference. Again, follow-up research should be correct for this.
